A cellulose-cadmium (Cd)-tellurium (TE) quantum dots (QDs) composite film was successfully synthesized by incorporating CdTe QDs onto a cellulose matrix derived from waste cotton linters. Cellulose-CdTe QDs composite film was characterized by field emission scanning electron microscopy (FE-SEM), energy dispersive X-ray (EDX) spectroscopy, Fourier transform infrared (FTIR) spectroscopy, thermogravimetric analysis (TGA), and X-ray diffraction (XRD). The antibacterial activity of the prepared composite film was investigated using the multidrug-resistance (MTR) Staphylococcus aureus bacteria. In vitro antibacterial assays demonstrated that CdTe QDs composite film can efficiently inhibit biofilm formation. Our results showed that the cellulose-CdTe QDs composite film is a promising candidate for biomedical applications including wound dressing, medical instruments, burn treatments, implants, and other biotechnology fields.
Introduction
The Gram-positive (+ve) bacteria Staphylococcus aureus (S. aureus) is one of the widespread human pathogens and approximately 30-60% of the human population is intermittently or permanently colonized with S. aureus [1, 2] . It is a prominent cause of many clinical infections including bacteremia, infective endocarditis, pneumonia, cellulitis, skin and soft tissue, pleuropulmonary, osteoarticular, hospital and medical device-related infections [1] [2] [3] [4] . S. aureus is also considered as a well-known antibiotic resistance bacteria due to its ability to develop adaptive countermeasures against multiple antibiotics [5, 6] . Especially, methicillin-resistant S. aureus (MRSA) strains are the main cause of antibiotic-resistant nosocomial infections worldwide. Biofilm formation on abiotic and biotic surfaces is an imperative virulence factor for S. aureus [7] . Biofilms form protective layers for bacterial proliferations, leading to persistent infection. Biofilms are an assemblage of bacterial cells enclosed in a self-produced extracellular polymer matrix and are more resistant to the human immune system, antibiotics, and sanitation agents [8] [9] [10] . Therefore, the treatment of S. aureus infections is extremely challenging and it is an increasing concern to the health sector [9, 11] .
Cellulose is the most abundant natural polymer on earth. It is a polysaccharide consisting of many linear homopolymer of D-anhydroglucopyranse units linked by β (1→4) linked D-glucose units [12, 13] . Cellulose can be extracted from plants such as wood, cotton, flax, hemp, jute or ramie, and bacteria. Cotton is an important worldwide cash crop and is considered as a ubiquitous natural resource offering the purest form of cellulose in nature [12, 13] . Cellulose fiber inherits intriguing properties including relative abundance, biocompatibility, low density and high strength, thermal and mechanical stability, nontoxicity, low cost, and good sorption properties. Therefore, it has been used in many industries such as textile, food, energy, and medicine [14] [15] [16] [17] .
Over the past few years, there have been many investigations of cellulose-based composite materials as antimicrobial agents against many antibiotic resistance pathogens including S. aureus [18] [19] [20] . However, cellulose and its derivatives do not intrinsically show antipathogenic properties. Therefore, the antimicrobial properties have been achieved either by chemical modification of cellulose with unique antimicrobial functional properties or incorporating antimicrobial agents. Cellulose functionalized with amino groups and aminoalkylsilane groups have been reported as antimicrobial agents against S. aureus [21] [22] [23] [24] . Cellulose composites impregnated with nanoparticles including Ag [25, 26] , Cu [27, 28] , TiO 2 [29, 30] , and ZnO [31, 32] have also been investigated as antimicrobial agents against S. aureus.
Quantum dots (QDs) have received a significant attention in the biomedical field as they possess distinct characteristics over other luminescent materials [33] [34] [35] . QDs have been widely used for preparing solar cells [36, 37] , photonic crystal devices including light-emitting diodes [38] , and fluorescent probes in cell imaging [39, 40] . QDs possess greater brightness, better photochemical stability, water solubility, robust fluorescent intensity, high quantum yields, a broad excitation wavelength range, tunable emission wavelengths, and size-tunable photoluminescence [35, 41] . QDs are a class of semiconducting nanoparticles prepared from chalcogenides such as selenides, tellurides, and from sulfides of metals such as cadmium, zinc, lead, and copper [42, 43] . The typical diameter of a quantum dot is in the range of 1-10 nanometers [43] . Recently, the antibacterial effect of QDs against gram-positive multi-drug resistance (MDR) bacteria such as S. aureus has also been reported [33, 34, 44] . However, there has been a great deal of concern over the use of QDs in living cells due to their poor biocompatibility, self-agglomeration, and instability in solution. Several approaches including coating QDs with biocompatible and biodegradable polymers and anchoring on a polymer matrix have been developed to overcome these issues.
In the current study, we investigate the effectiveness of glutathione (GSH)-capped CdTe QDs supported on cellulose films in inhibiting the development of multidrug resistance (MDR) S. aureus biofilms. Cellulose films were prepared from a facile method using waste cotton linters. To our knowledge, this is the first attempt to use waste cotton cellulose-CdTe QDs composite films as an anti-biofilm agent against S. aureus.
Experimental
Unless mentioned otherwise, all chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA). Waste cotton linters were received from the Fiber and Biopolymer Research Institute at Texas Tech University (Lubbock, TX, USA). LB and LB-Agar media were purchased from MP Biomedicals (Solon, OH, USA).
Synthesis of Glutathione (GSH) Capped-CdTe QDs
CdTe QDs were synthesized as described previously [45, 46] . The general reaction involved the reduction of tellurium oxyanions by glutathione (GSH) in the presence of cadmium chloride at pH 9.0 citrate-borax buffer. In a typical experiment, stock solutions of 30 mM citrate-borate buffer (pH 9.0, 30 mM sodium borate Na 2 [B 4 O 5 (OH) 4 ]·8H 2 O, 30 mM sodium citrate (Na 3 C 6 H 5 O 7 2H 2 O), 7 mM potassium tellurite (K 2 TeO 3 ), 30 mM reduced GSH, and 25 mM cadmium chloride (CdCl 2 ) were prepared. Then, 36.4 mL of 30 mM citrate-borate solution, 33.3 mL of 30 mM GSH, and 16.0 mL of 25 mM CdCl 2 were thoroughly mixed in a round bottom flask and the mixture was allowed to sit for 5 min at room temperature (RT). To this, 14.3 mL of 7 mM K 2 TeO 3 were added to the mixture with continuous stirring. The molar ratio of CdCl 2 :GSH:K 2 TeO 3 was 4:10:1. To obtain QDs with desired emission color, the mixture was refluxed at 90 • C for 2 h to initiate QD nucleation. CdTe colloidal solution was observed under long UV light at 365 nm. A sharp green fluorescence was observed. Synthesized CdTe QDs were separated with two volumes of ethanol and centrifuged for 30 min at 3500 rpm before being powdered and dried for 24 h in a desiccator over calcium chloride.
Scouring and Bleaching Process of Waste Cotton
Waste raw color cotton fibers were subjected to scouring and bleaching process to remove all non-cellulosic materials. First, 10 g of waste cotton fibers were soaked in a 1 L solution of non-ionic wetting agent (Triton X-100, 1 g/L) and NaOH (4 g/L). The mixture was heated at 90 • C for 1 h to facilitate the scouring process. Scoured cotton fibers were then rinsed with tap water for 10 min. These washed fibers were added to a 1 L solution of non-ionic wetting agent (Triton X-100, 0.25 g/L), NaOH (0.35 g/L), Na 2 CO 3 (0.7 g/L), Na 2 SiO 3 (3 g/L) and bleach (6 g/L) and heated at 90 • C for 1 h to conduct the bleaching process. The fibers were again thoroughly rinsed with hot tap water for 20 min to remove unreacted material. White color cotton fibers were then dipped and agitated in a 1 L glacial acidic acid solution (0.25 g/L) for 10 min to neutralize the pH. After that, the fibers were thoroughly washed with hot water and then distilled water for 20 min. Then, fibers were kept on a strainer to drain water. The wet fibers were kept in freezer at −20 • C for 2-4 h prior to freeze-drying. Then the fibers were subjected to a freeze-drying process at −105 • C for 48 h. Finally, the freeze-dried cotton fibers were powered using a Wiley mill with 40-mesh size (420 µm).
Preparation of Cellulose-GSH Capped CdTe QDs Composite Films
Cellulose-CdTe QDs composite films were prepared using a slightly modified method [44] . First, the crushed cellulose powder (5% w/w) was dispersed in a 100 mL of NaOH/Urea/H 2 O solution (11:4:80% (w/w)) and stirred for 20 min. The mixture was then stored at −10 • C for 24 h. Then, the frozen mixture was thawed and stirred vigorously at RT for 2 h. After that, the mixture was again stored at −10 • C for 24 h. The frozen mixture was thawed and stirred vigorously at RT until the solution became transparent.
GSH capped CdTe QDs (1% w/w w.r.t cotton weight) was dispersed in the cellulose solution and stirred for 30 min. Then, epichlorohydrin (ECH) cross-linker (8 mL) was added dropwise to the mixture while stirring. The mixture (cellulose-CdTe QDs) was further stirred for 30 min and heated at 70 • C for 4 h. After that, the cellulose-CdTe QDs composite mixture was poured into Petri dishes and kept in an oven at 50 • C to 2 h to form a gel. Cellulose-CdTe QDs composite film was obtained by submerging the films in a distilled water bath and rinsing them with distilled water for 3 days. Finally, the composite films were air dried in an ambient air.
Material Characterization

Field Emission Scanning Electron Microscopy (FE-SEM) Imaging and Energy Dispersive X-ray (EDX) Analysis
The morphological analysis of the cellulose and cellulose-CdTe QDs composite films was conducted using a high-resolution Hitachi S-4700 FE-SEM. This instrument is also equipped with an EDX analyzer with a 30 • take-off angle for collecting quantitative data, digital mapping, and X-ray images. Samples were sputter coated with gold and the edges were covered with copper tapes to achieve better SEM images.
Fourier Transform Infrared (FTIR) Spectroscopy
FTIR spectra were acquired using a PerkinElmer Spectrum-400 FTIR spectrometer (PerkinElmer, Waltham, MA) attached to a universal attenuated total reflectance accessory (UATR). This instrument is also equipped with a ZnSe-diamond crystal, which allow spectra acquisition from the sample without any preparation. All spectra were collected at a resolution of 4 cm −1 with 32 co-added scans in the wavenumber range 4000-650 cm −1 . PerkinElmer Spectrum software was used to analyze the spectral data.
Thermogravimetric (TG) Analysis
High-resolution TG profiles of cellulose-CdTe QDs and cellulose films were studied using a PerkinElmer Pyris1TGA instrument furnished with a 20-sample auto-sampler. TG profiles were recorded in the temperature range of 37 to 600 • C in a nitrogen atmosphere (20 mL/min) at a heating rate of 10 • C/min. All data were analyzed using Pyris Data Analysis software. The TG profiles were recorded to investigate the thermal stability of the films.
X-ray Diffraction (XRD) Studies
X-ray diffraction (XRD) studies were conducted using a SmartLab XRD system (Rigaku Corporation, ModelHD2711N, The Woodlands, TX, USA). CuK α (1.541867 Å) radiation was generated at a voltage of 40 kV and a tube current of 44 mA. Scanning was held continuously at a speed of 10 • /min and the diffraction intensities were collected at a scan step of 0.010 between 2θ = 10 • and 50 • .
The samples were conditioned at a relative humidity of 65 ± 2% and at a temperature of 21 ± 1 • C for 48 h prior to analysis.
Bacterial Strains, Media, and Growing Conditions
Gram-positive S. aureus GFP AH133 strain was grown in Luria Bertani (LB) broth or on LB agar plates at 37 • C with shaking (250 rpm). The strain carries plasmid pCM11 in which the gene that codes for green fluorescent protein (GFP) is constitutively expressed [44, 47] . To maintain the plasmid pCM11 in S. aureus GFP AH133, 1 µg/mL erythromycin (AH133) was added to the LB broth.
Agar Diffusion Assay
The zone of inhibition of S. aureus by cellulose-CdTe QDs composite films was evaluated using an agar diffusion assay as described earlier [44, 47] . First, the S. aureus strain was grown in LB broth supplemented with erythromycin at 37 • C overnight with shaking. The culture was then thoroughly washed with a pH 7.4 phosphate buffered saline (PBS) solution. Then, the inocula (approximately 10 8 colonies forming units (CFU)/mL) were prepared by diluting the S. aureus culture to an optical density at 600 nm (OD 600 ) of 0.5-0.6. An aliquot (100 µL) of the diluted culture was spread on the LB agar plate. After inoculation, three disks of cellulose-CdTe QDs composite films were placed on the plate. The diameter and thickness of each film were 6 and 1 mm, respectively. A parallel control experiment was also conducted with cellulose disks without QDs. The plates were then incubated at 37 • C for 24 h. Finally, the diameters of the zones of inhibition were measured to the nearest millimeter with a ruler.
Quantitative Analysis of the Biofilms (CFU/Disk)
The biofilm formation by S. aureus was quantified using the microtiter plate assay [44, 47] . Biofilms were quantified by calculating the number of colony forming units per disk (CFU/Disk). Cellulose-CdTe QDs and cellulose disks were incubated in 1 mL of LB broth media in the presence of S. aureus (approximately 10 2 -10 3 CFU) in the wells (1 disk per well) of 24-well microtiter plate. The microtiter plate was then incubated at 37 • C for 24 h under aerobic conditions. Then, each disk was removed from the well, rinsed with sterile distilled water, and placed in a 1.5 mL microcentrifuge tube containing 1 mL of PBS solution. The tubes were then sonicated for 10 min to loosen cells, followed by vortexing vigorously 3 times for 1 min to break up the biofilm and to detach the bacterial cells from the disk. Suspended cells were serially diluted 10-fold in PBS solution, and 10 µL aliquots of each dilution were spotted onto LB agar plates. These plates were then incubated at 37 • C for 24 h under aerobic conditions prior to the CFU counting. CFU per disk was calculated using the formula: CFU × dilution factor × 100. All experiments were conducted at least three times. The formation of biofilms was further investigated using a Nikon Eclipse Ni-E upright CLSM (Nikon Inc., Melville, NY, USA). The extent of the biofilm development by S. aureus GFP AH133 was observed under CLSM. The three-dimensional images of the biofilms were processed and analyzed using NIS-Elements 2.2 software.
2.4.9. Statistical Analysis CFU assays were analyzed using the PrismVR version 4.03 (GraphPad Software, San Diego, CA, USA) with 95% confidence intervals. A comparison of the biofilms formed on the disks was performed using, unpaired two-tailed t-test. The formation of biofilms was further investigated using a Nikon Eclipse Ni-E upright CLSM (Nikon Inc., Melville, NY, USA). The extent of the biofilm development by S. aureus GFP AH133 was observed under CLSM. The three-dimensional images of the biofilms were processed and analyzed using NIS-Elements 2.2 software.
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FESEM Images and Elemental Analysis
FESEM and EDX analysis were conducted to study the morphological features and elemental distribution of the samples. Figure 2 exhibits FESEM images of celluose-CdTe QDs composite film and cellulose film. As shown in Figure 2a , CdTe QDs are uniformly distributed within cellulose polymer matrix. The particle size of the QDs anchored is in 2-30 nm range. This is also an indication of the existence of an interaction between QDs and cellulose. FESEM of cellulose showed porous and homogenous surface morphology, see Figure 2b . The presence of Cd and Te was also investigated using EDX analysis and Figure 3 shows the elemental analysis of the cellulose-CdTeQD composite film. The EDX spectrum showed eight peaks at 2.06, 0.40, 0.55, 1.01, 2.33, 2.61, 3.12, and 3.66 KeV, corresponding to carbon (C), nitrogen (N), oxygen (O), sodium (Na), sulfur (S), chlorine (Cl), cadmium (Cd), and tellurium (Te), respectively. Background peaks at 0.93, 1.74, 2.12, and 3.31 KeV attribute to copper (Cu), silicon (Si), gold (Au), and potassium (K), which come from the initial sample preparation. All these energy values are consistent with the energy values reported previously 
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FTIR Chemical Analysis
FTIR analyses were performed on both cellulose-CdTe QDs composite and cellulose films to study and compare the changes in their chemical structure. The FTIR spectra of cellulose-CdTe QDs and cellulose films are shown in Figure 4 . The FTIR spectrum of cellulose-CdTe QDs film is similar to that of cellulose film with the exception of an additional peak observed at 1730 cm −1 , assigned to cellulose-CdTe QDs film. This peak corresponds to the characteristic antisymmetric C=O vibration of COOH group in GSH [49] . However, it seems that the interaction between COOH group of GSH and O-H groups of cellulose leads to a shift in the antisymmetric C=O band of GSH from 1715 cm −1 to 1730 cm −1 . The broad peak in the IR region 3700-3100 cm −1 is due to O-H stretching vibrations and the extensive inter-and intra-hydrogen bonding. Symmetric and asymmetric stretching vibrations -CH2 of cellulose are observed in the 3000-2800 cm −1 region [50, 51] . The bands at 1640 and 1439 cm −1 are due to O-H bending of physically adsorbed water and O-H in-plane deformation [50] . Bending vibration of C-H is visible at 1372 cm −1 . The bands at 1158 and 1104 cm −1 are assigned to antisymmetrical bridge of C-O-C stretching and anti-symmetric in-plane stretching vibrations [50] . The vibrations at 1054 and 1025 cm −1 are attributed to C-O stretching vibrations [50] . The peaks at 990 and 894 cm −1 are attributed to C-O ring stretching and β-linkage of cellulose [50, 52] . The bands at 1315 and 709 cm −1 are assigned to -CH2 rocking mode. The absorption peak at 664 cm −1 is assigned to O-H out-of-plane bending [50, 52] . The similar FTIR spectral pattern for both cellulose film and cellulose-CdTe QDs film suggests that the basic chemical structure of the cellulose is retained during the formation of the composite and there may not be strong interaction between the QDs and cellulose [44, 48] . EDX analysis further confirms that CdTe QDs are anchored on the surface of the cellulose film. 
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Thermal Analysis
Thermogravimetric analysis (TGA) was conducted to investigate the thermal stability of the cellulose and cellulose-CdTe QDs films. Figure 5a ,b show the thermogravimetric (TG) and derivative thermogravimetric (DTG) profiles of cellulose and cellulose-CdTe QDs composite films. As shown in Figure 5a , the TG profile obtained for cellulose film displays two weight loss regions in the temperature ranges of 35-180 °C and 250-450 °C, corresponding to the evaporation of physically absorbed water and to the thermal degradation of cellulose, respectively. The cellulose-CdTe QDs film show three weight loss regions in , and 356-450 °C temperature ranges, respectively, which are attributed to the evaporation of physically adsorbed water, degradation of cellulose, and decomposition of GSH. The percent weight losses of cellulose and cellulose-CdTe QDs films are 75% and 66%, respectively. The DTG profile of cellulose exhibits a thermal degradation peak at 356 °C, see Figure 5b . However, the DTG profile of cellulose-CdTe QDs film displays two degradation peaks at 342 and 371 °C, reflecting cellulose and GSH, see Figure 5b . Our DTG results suggest that both cellulose and cellulose-CdTe QDs films have similar thermal stability. Furthermore, these results are in agreement with the TGA analysis of chitin-CdTe QDs film reported earlier [44] . 
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XRD Analysis
Wide-angle XRD measurements were also conducted for cellulose and cellulose-CdTe QDs 
Wide-angle XRD measurements were also conducted for cellulose and cellulose-CdTe QDs films. Both films showed similar diffraction pattern and the diffraction peaks are in agreement with the literature values reported for cellulose (data not shown). However, the peak intensities for cellulose-CdTe QDs are lower, suggesting that the composite is more amorphous in nature as compared to the cellulose film. Moreover, no peaks were observed for CdTe QDs due to the low concentration and low crystallinity of the composite.
Antibacterial Activity Tests
The antibacterial activity of cellulose and cellulose-CdTe QDs films against the antibiotic resistance bacteria, S. aureus (+ve), was screened. The efficiency of the antimicrobial activity was measured by the agar disk diffusion test after 24 h incubation at 37 • C. Figure 6a ,b illustrate the antibacterial effect of cellulose film and cellulose-CdTe QDs film on S. aureus. The control sample with only cellulose film did not inhibit the growth of S. aureus AH133, see Figure 6a . In contrast, the cellulose-CdTe QDs composite film QDs exhibited a strong inhibitory effect, see Figure 6b . Our results also suggest that the antibacterial activity is mainly due to the embedded CdTe QDs. The average diameter of the growth inhibition zone from cellulose-CdTe QDs film on S. aureus was 25 mm, see Figure 6b . This suggests that the growth inhibition factor was released from the CdTe QDs film and reached bacteria that were at a distance from the film. Therefore, the cellulose-CdTe QDs composite film can act as an excellent antibacterial agent against S. aureus. For quantitative assessment of the ability of cellulose-CdTe QDs film to inhibit S. aureus AH133 biofilms, we used microtiter plate assay. The growth inhibition was measured by counting the number of colonies formed after keeping the films in a bacterial culture of S. aureus for 24 h at 37 °C. As can been seen in Figure 7 , an average of over 10 9 CFUs/disk was present on the control cellulose film. In contrast, a significant decrease in the formation of CFUs was observed by the presence of cellulose-CdTe QDs film. The composite film reduced the bioburden by 6 logs. It is worth noting that, this inhibition was achieved with a low concentration of CdTe QDs (1% (w/w), w.r.t cotton weight). Therefore, a complete inhibition of the biofilm formation may be achieved with a slightly higher concertation of CdTe QDs. These results reveal that cellulose-CdTe QDs film is efficient in eliminating the development of AH133 biofilm. For quantitative assessment of the ability of cellulose-CdTe QDs film to inhibit S. aureus AH133 biofilms, we used microtiter plate assay. The growth inhibition was measured by counting the number of colonies formed after keeping the films in a bacterial culture of S. aureus for 24 h at 37 • C. As can been seen in Figure 7 , an average of over 10 9 CFUs/disk was present on the control cellulose film. In contrast, a significant decrease in the formation of CFUs was observed by the presence of cellulose-CdTe QDs film. The composite film reduced the bioburden by 6 logs. It is worth noting that, this inhibition was achieved with a low concentration of CdTe QDs (1% (w/w), w.r.t cotton weight). Therefore, a complete inhibition of the biofilm formation may be achieved with a slightly higher concertation of CdTe QDs. These results reveal that cellulose-CdTe QDs film is efficient in eliminating the development of AH133 biofilm. cellulose-CdTe QDs film. The composite film reduced the bioburden by 6 logs. It is worth noting that, this inhibition was achieved with a low concentration of CdTe QDs (1% (w/w), w.r.t cotton weight). Therefore, a complete inhibition of the biofilm formation may be achieved with a slightly higher concertation of CdTe QDs. These results reveal that cellulose-CdTe QDs film is efficient in eliminating the development of AH133 biofilm. To further confirm these results, biofilms were allowed to grow on cellulose and cellulose-CdTe QDs for 24 h at 37 °C and were visualized by CLSM, see Figure 8 . S. aureus contained a gene for GFP Figure 7 . Cellulose-CdTe QDs film significantly reduced biofilm development by S. aureus GFP AH133. Cellulose and cellulose-CdTe QDs films were inoculated with S. aureus GFP AH133 and incubated for 24 h at 37 • C. The CFU determination is per disk (6 mm diameter and approximately 1 mm thick) in 1 mL solution. Values represent the average of three independent disks ± SEM, p = 0.0204.
To further confirm these results, biofilms were allowed to grow on cellulose and cellulose-CdTe QDs for 24 h at 37 • C and were visualized by CLSM, see Figure 8 . S. aureus contained a gene for GFP which is essential for the visualization of the biofilm. Mature well-developed AH133 biofilm was observed on cellulose film, see Figure 8a . While in the presence of CdTe QDs, only very few scattered microorganisms were detected, see Figure 8b . Thus, cellulose-CdTe QDs film is effective in preventing biofilm formation by S. aureus. which is essential for the visualization of the biofilm. Mature well-developed AH133 biofilm was observed on cellulose film, see Figure 8a . While in the presence of CdTe QDs, only very few scattered microorganisms were detected, see Figure 8b . Thus, cellulose-CdTe QDs film is effective in preventing biofilm formation by S. aureus. The antibacterial activity and mechanisms of QDs against both Gram-positive (+ve) and Gramnegative (−ve) bacterial strains have been studied elsewhere [53] [54] [55] [56] [57] . Due to their large particle size, QDs do not penetrate through the cell membrane of the bacteria and consequently kill them. Two main proposed mechanisms suggest (1) a disruption of the membrane functionality by interacting with the cell membranes, and (2) extensive irreversible oxidative damage of cell structures caused by the formation of reactive oxygen species (ROS) including singlet oxygen, superoxide, and hydroxyl radicals. However, the latter ROS-mediated pathway has commonly been reported.
Only a few studies are available for the antibacterial activity of composite materials prepared from chalcogenides-derived QDs against S. aureus. For instance, Kumar and coworkers prepared a chitosan-L-cystein functionalized CdTe QDs film and demonstrated its antibacterial activity against gram-positive (S. aureus) and gram-negative (Pseudomonas aeruginosa (P. aeruginosa) and Escherichia coli (E. coli)) bacteria by disk diffusion method [56] . Abdelhamid The antibacterial activity and mechanisms of QDs against both Gram-positive (+ve) and Gram-negative (−ve) bacterial strains have been studied elsewhere [53] [54] [55] [56] [57] . Due to their large particle size, QDs do not penetrate through the cell membrane of the bacteria and consequently kill them. Two main proposed mechanisms suggest (1) a disruption of the membrane functionality by interacting with the cell membranes, and (2) extensive irreversible oxidative damage of cell structures caused by the formation of reactive oxygen species (ROS) including singlet oxygen, superoxide, and hydroxyl radicals. However, the latter ROS-mediated pathway has commonly been reported.
Only a few studies are available for the antibacterial activity of composite materials prepared from chalcogenides-derived QDs against S. aureus. For instance, Kumar and coworkers prepared a chitosan-l-cystein functionalized CdTe QDs film and demonstrated its antibacterial activity against gram-positive (S. aureus) and gram-negative (Pseudomonas aeruginosa (P. aeruginosa) and Escherichia coli (E. coli)) bacteria by disk diffusion method [56] . Abdelhamid et al. reported the use of chitosan modified CdS QDs composite as a biosensor for both gram-positive (S. aureus) and gram-negative (P. aeruginosa and E. coli) bacteria [57] . Neelgund and coworkers developed two antimicrobial nanohybrids, f -MWCNTs-Ag 2 S and f -MWCNTs-CdS, by functionalizing of multiwalled carbon nanotubes (MWCNTs) with covalent conjugation of cationic hyperbranched dendritic polyamidoamine (PAMAM) and subsequent deposition of Ag 2 S and CdS QDs [58] . They also demonstrated the antibacterial activity of those f -MWCNTs-QDs nanohybrids against both gram-positive (S. aureus) and gram-negative (P. aeruginosa and E. coli) bacteria [58] . Luo et al. studied the cooperative antibacterial activity of CdTe QDs-rocephin complex against gram-negative E. coli bacteria [59] . Park and coworkers also synthesized a polmyxin B-CdTe QDs (CdTe-PMB) conjugate and studied its ability to act against both gram-positive (S. aureus) and gram-negative (E. coli) bacteria [60] . They reported that CdTe-PMB is more effective against E. coli as compared to S. aureus [60] . We previously investigated the antibacterial activity of chitin-CdTe QDs hybrid material against gram-positive (S. aureus) and gram-negative (P. aeruginosa) bacteria [44] . Chitin-CdTe QDs hybrid material showed antibacterial activity against both S. aureus and P. aeruginosa bacteria. During the various stages in the process of converting cotton fibers into yarn and then yarn into fabric, about 1/3 of cotton is discarded as waste due to fiber immaturity, short fiber length, lower fineness, and poor quality. Generally, waste cotton is either landfilled or incinerated [61, 62] . These disposing methods now have become a serious environmental concern mainly due to the contamination of soil and natural water sources [63] . Therefore, many attempts are currently underway to recycle or convert these waste cotton materials into value-added products for both environmental and economic aspects [63] [64] [65] [66] [67] . In this study, we successfully fabricated CdTe QDs on the cellulose films prepared from waste cotton linters. Importantly, our control experiments did not show any leaching of QDs, suggesting the stability of QDs in the polymer matrix. The cellulose-CdTe QDs composite film displayed a significant inhibition of biofilm-formation by S. aureus, which is considered as one of the most multidrug-resistant bacteria. Therefore, this study paves the way to reduce the environmental burden and also add value to waste cotton. This process can also be translated into commercial biomedical applications due to the low processing cost, environmental benignity, natural abundance, and scalability.
Conclusions
In summary, cellulose-CdTe QDs composite films were successfully synthesized using a simple process. CdTe QDs were homogenously fabricated on the cellulose film prepared from waste cotton linters. Cellulose-CdTe QDs (1% (w/w) w.r.t cellulose) composite film exhibited a good inhibition against antibiotic resistance against biofilm forming S. aureus (gram-positive) bacteria. The porous 3D network of cellulose film acted as a stable dispersion support and also prevented QDs from self-aggregation. Therefore, this material could be desirable in many biomedical applications including wound dressing, antimicrobial packing, burn treatments, and medical devices, and in implants.
